


Effects of different compositions of rice straw on nutrient profile of vermicompost and fecundity of earthworms (Eisenia fetida)

Abstract
The present investigation was carried out to observe the effects of different compositions of rice straw on fecundity and population of earthworms (Eisenia fetida) using 100%, 90%, 80%, 70% of cow dung with 10%, 20%, 30% rice straw in 80 litres plastic tubs containing 100 adult earthworms for 90 days. At the end of the experiment, total number of cocoons production in E. fetida was higher (541±2.65) in 90% cow dung with 10% rice straw. The organic carbon (%) was highest in 100% cow dung (28.22±0.20) and lowest in 10 % rice straw + 90% cow dung (21.49±0.67) but nitrogen % was highest in 10 % rice straw (1.466± 0.009) followed by 20 % rice straw (1.37± 0.015), 30 % rice straw (1.33± 0.0057) and control (1.28 ±0.01). The C/N ratio was maximum in control (22.05± 0.33) followed by 30 % rice straw (20.38± 0.54), 20 % rice straw (17.41± 0.62) and 10 % rice straw (14.66± 0.37). The total phosphorus (%) was highest in 10 % rice straw (1.363± 0.025) followed by 20 % rice straw (1.18±0.025), 30 % rice straw (0.81± 0.03) and control (0.72± 0.0055). A similar trend was observed in total Potassium, where 10 % rice straw (1.95 ±0.02) had highest total potassium followed by 20 % rice straw (1.84± 0.019), 30 % rice straw (1.76 ±0.035) and control (1.46± 0.025). Hence, the addition of rice straw has significant effect on total number of cocoons produced and population of E. fetida in comparison to control. The organic carbon (%) and C/N ratio was recorded highest in control group and lower in treatments having rice straw and cow dung but nitrogen %, total potassium and total phosphorus % were highest in 10 % rice straw followed by 20 % rice straw, 30 % rice straw and control.
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Introduction
“Rice (Oryza sativa L.) is a major food crop of India and grown under a wide range of agro-ecological conditions; occupies ~24% of gross cropped area and contributes 42% of total food grain production and 45% of total cereal production of the country. India comes at second position after china in rice production. In India, major rice producing states are West Bengal, Uttar Pradesh, Andhra Pradesh, Punjab, Tamil Nadu, Orissa, Bihar and Chhattisgarh” (Singh et al., 2016). “The cultivation of rice produces two types of residues rice straw and; rice husk removed from the rice grains during harvesting etc. and in some states such as Punjab, Haryana, Himachal Pradesh and East Madhya Pradesh rice straw is available only in autumn season whereas in states like Bihar, West Bengal, Karnataka, Kerala and Andhra Pradesh, residues rice straw is available throughout year” (Maurya et al., 2024). 
“India generates ~126 million tons of rice straw annually and this large quantity of straw is a significant agricultural residue in the country. It is used as feed for ruminants and for many other uses like manure, thatching, paper pulp, alcohol, mats, poultry litter and mushroom production. Besides straw, rice also produces rice polish, rice bran and rice husk.  It is mainly composed of cellulose, hemicelluloses, lignin, silica and ash content. Despite all these uses, it is burnt in India” (Singh et al., 1995). 
“The vermicompost is produced using different combinations of rice straw, Neem leaves, and cow dung (bulking agent) by varying stock density of earthworms” (Yadava & Kumar, 2023) and Shivangi et al. (2025) compared the fertilizers with vermicompost in crop production. Rice straw is one of the organic materials and natural residue of rice crop and is the third-largest residue from agriculture after sugarcane bagasse and maize straw. Southeast Asian countries produce ~80% of rice production in the world and lead to a large quantity of rice straw as a by-product every year. Surplus rice straw is a focal issue associated with storage of rice straw, removal of entire straw from the field, and very little time between the cultivation of the crop. Stubble burning is a quick, cheap, and efficient way to prepare the soil bed for wheat, the next crop (Bhattacharyya et al. 2021). Rice straw has both nutrient and calorific values. “Straw is the only organic material available in significant quantities to most rice farmers. Approx. 40 percent of the nitrogen (N), 30-35 percent of the phosphorus (P), 80-85 percent of the potassium (K), and 40-50 percent of the sulfur (S) taken up by rice remains in vegetative plant parts at crop maturity. Straw is either removed from the field, burned in situ, piled or spread in the field, or incorporated in the soil. Open burning of the crop residue kills useful microflora of soil, leads to soil degradation, and contributes to harmful greenhouse gases such as SO2, NO2, CH4, N2O, CO in the atmosphere including the hydrocarbon and particulate matter. Therefore, rice straw burning is a serious creator of environmental pollution” (Singh & Brar, 2021). The key purpose of present investigation is to provide environmentally friendly alternatives to rice straw instead of open field burning and produce vermicompost to be utilized again in field crops.
Materials and methods
The effects of different compositions of rice straw on fecundity, population of earthworms was evaluated in Control (T1) with 0% rice straw -100% cow dung, T2 (10% rice straw + 90% cow dung, T3 (20% rice straw + 80% cow dung and T4 (30% rice straw + 70% cow dung in triplicates. The experiment was conducted in screen house number 4 in 80 litres plastic tubs. Each tube carried 100 adult earthworms and the experiment was conducted for 90 days. The data was collected in terms of number of eggs produced and earthworms fortnightly. The nutrient profile of the vermicompost was also evaluated at the end of the experiment (Kumar et al., 2022). The data was analyzed by using OPSTAT software. The experiment was conducted in the poly house under control conditions of humidity, temperature & pH, which are critical in vermicomposting.
Results
The results of the above observations are presented below: -
(a). Fecundity (number of cocoons): 
At the end of the experiment i.e. 90 days; the total number of cocoons produced by E. fetida in T2 (541±2.65) was higher than T3 (520.67±1.45) and T4 (492.67±1.45) followed by T1 i.e. control (422.33±3.93). There was a significant increase in total number of cocoons with increasing days w.r.t. each treatment (p<0.05) (Table 1, Fig. 1).
Table 1: Effect of rice straw on fecundity of earthworms for the period of 90 days.
	Treatment
	Days 
	Mean

	
	0
	15
	30
	45
	60
	75
	90
	

	T1
	Control
	0±0
	85± 2.89
	191± 2.08
	213.3± 1.7
	285± 2.89
	359± 4.9
	422.3± 3.9
	222.2

	T2
	10% Rice Straw
	0±0
	82.7± 2.67
	220± 2.89
	300.7± 5.81
	415± 2.89
	484.7± 2.91
	541± 2.65
	292

	T3
	20% Rice Straw
	0±0
	82.3± 1.45
	208± 1.73
	243.3± 3.76
	390.3±
2.03
	425.3± 2.91
	520.7± 1.45
	267.1

	T4
	30% Rice Straw
	0±0
	80.3± 2.6
	196± 2.08
	226± 3.46
	359± 4.93
	387.7± 1.45
	492.7± 1.45
	248.8

	
	Mean
	0
	82.6
	203.7
	245.8
	370.5
	414.2
	487.4
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	Fig. 1 Showing earthworms (E. fetida) cocoons of earthworms 
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Fig 2: earthworms and individual earthworm
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Fig 3: earthworms and individual earthworm



(b). Population of earthworms
At the end of the experiment i.e. 90 days; the population of the earthworms in T2 (423±2.52) was higher than T3 (380±2.89) and T4 (367.56±2.23) followed by T1 i.e. control (315.78±2.15) (Table 2 Fig. 2 and 3). There was a significant increase in total number of earthworms with increasing days w.r.t. each treatment (p<0.05) (Table 2).
Table 2: Effect of rice straw on the population of earthworms for the period of 90 days
	Treatment
	Days
	Mean

	
	0
	15
	30
	45
	60
	75
	90
	

	T1
	Control
	100 ±0
	100 ±0
	100 ±0
	114.11 ±0.59
	174.44 ±2.94
	257.78 ±9.09
	315.78 ±2.15
	166.02

	T2
	10% Rice Straw
	100 ±0
	100 ±0
	100 ±0
	142 ±1.53
	265.56 ±0.56
	381.89 ±1.06
	423 ±2.52
	216.06

	T3
	20% Rice Straw
	100 ±0
	100 ±0
	100 ±0
	128 ±1.15
	235.11 ±1.57
	326.22 ±1.9
	380 ±2.89
	195.58

	T4
	30% Rice Straw
	100 ±0
	100 ±0
	100 ±0
	122.44 ±1.28
	204.67 ±0.67
	288.44 ±4.43
	367.56 ±2.23
	329.77

	
	Mean
	100
	100
	100
	126.64
	219.83
	313.58
	371.59
	


 (c). Nutrient profile of vermicompost
[bookmark: _Hlk139872781]The total organic carbon (%) was recorded highest in T1 (28.22±0.20) and lowest in T2 (21.49±0.67) but nitrogen % was highest in T2 (1.466± 0.009) followed by T3(1.37± 0.015) than T4 (1.33± 0.0057) and T1(1.28 ±0.01). The C/N ratio was maximum in control (22.05± 0.33) followed by T4 (20.38± 0.54), T3 (17.41± 0.62) and T2 (14.66± 0.37). Total phosphorus % was highest in T2 (1.363± 0.025) followed by T3 (1.18±0.025), T4 (0.81± 0.03) and T1 (0.72± 0.0055). The similar trend was observed in total potassium, where T2 (1.95 ±0.02) has highest total Potassium followed by T3 (1.84± 0.019), T4 (1.76 ±0.035) and control (1.46± 0.025). Each treatment has a significant effect on the nutrient profile of vermicompost (p<0.05) (Table 3).
Table 3: Nutrient profile of vermicompost for the period of 90 days
	Treatments
	Total organic carbon (%)
	Nitrogen (%) 
	C: N
	Total phosphorus (%)
	Total potassium (%) 

	T1
	Control
	28.22±0.20
	1.28 ±0.01
	22.05± 0.33
	0.72± 0.0055
	1.46± 0.025

	T2
	10% Rice Straw
	21.49±0.67
	1.466± 0.009
	14.66± 0.37
	1.363± 0.025
	1.95 ±0.02

	T3
	20% Rice Straw
	23.96±0.81
	1.37± 0.015
	17.41± 0.62
	1.18±0.025
	1.84± 0.019

	T4
	30% Rice Straw
	27.243±0.69
	1.33± 0.0057
	20.38± 0.54
	0.81± 0.03
	1.76 ±0.035


Discussion
In the present study, the total number of cocoons production in E. fetida was higher in 10% rice straw with cow dung and hence showed increased fecundity in comparison to control. The similar trend was also observed in its population. A significant effect on the nutrient profile of vermicompost (p<0.05) was also observed in each treatment. The organic carbon (%) was recorded lowest in 10 % rice straw (21.49±0.67 and highest in control group (28.22±0.20) but nitrogen % was highest in 10 % rice straw (1.466± 0.009) followed by 20 % rice straw (1.37± 0.015), 30 % rice straw (1.33± 0.0057) and control (1.28 ±0.01). The C/N ratio was maximum in control (22.05± 0.33) followed by 30 % rice straw (20.38± 0.54), 20 % rice straw (17.41± 0.62) and 10 % rice straw (14.66± 0.37). The total phosphorus % was highest in 10 % rice straw (1.363± 0.025) followed by 20 % rice straw (1.18±0.025), 30 % rice straw (0.81± 0.03) and control (0.72± 0.0055). The similar trend was observed in total potassium, where 10 % rice straw (1.95 ±0.02) was having highest total Potassium followed by 20 % rice straw (1.84± 0.019), 30 % rice straw (1.76 ±0.035) and control (1.46± 0.025). In similar investigations by Sharma and Garg (2018) employed E. fetida, produced vermicompost cow dung as bulking substrate and using two different organic wastes (rice straw and paper waste), for 105 days under laboratory conditions. At the end of the experiment they observed higher NPK, heavy metal contents and lower total organic carbon and C:N ratio in the compost. In the present investigation also the similar results were observed. They also recorded that feedstocks containing 50% rice straw was not suitable for reproduction. In another study, Zhi-Wei et al. (2019) observed that vermicompost produced from rice straw and dung in 45 days under 20-25°C, moisture 60%, resulted in a significant increase in phosphorous (31.38-55.89%) and potassium (33.40-63.15%); decrease in total organic carbon (38.24-43.49%) as well as total nitrogen (9.01–32.52%) and promoted growth rate of earthworm (E. fetida). In the present investigation 10% rice straw with 90% cow dung showed similar results. Sharma et al. (2020) “converted the rice straw waste into vermicompost in 45 days at an average temperature, pH and humidity i.e. 25°C, 6-7.8 and 85%, respectively. The vermicompost produced was black coloured with granular texture and suggested it to be in order to decrease the need for chemical fertilizers and improve the microbial activity in soil agriculture sector”. In another research by Singh et al. (2021) found “the significance of substrate straw on nutritive quality of vermicompost and growth of earthworm species E. fetida was assessed in five treatments viz. cow dung alone, soybean straw + cow dung in 3:1 ratio, soybean straw alone, rice straw + cow dung in 3:1 ratio and rice straw alone and the results revealed higher organic carbon, N, and Zn content in the vermicompost prepared by rice straw alone, K, Fe and Mn contents higher in rice straw + cow dung vermicompost. Phosphorus content was observed high in the vermicompost prepared by soybean straw alone and Cu was maximum in soybean straw + cow dung vermicompost. Earthworm growth and mass was greater in soybean straw + cow dung followed by rice straw + cow dung vermicompost. In the present investigation also, the improved nutrient profile was observed”. Rahman & Hajam (2024) explored “kitchen waste alone (3 kg); kitchen waste: dung (2 kg:1 kg); kitchen waste: dung (1 kg: 2 kg); Kitchen waste: Dung: Rice straw (1 kg:1 kg:1 kg) and dung alone (3kg) to evaluate E. fetida survival rates growth, and reproductive performance using above mentioned combinations”. 
The results revealed that specific ratios of kitchen waste and cow dung significantly influenced earthworm survival, reproduction and vermicompost quality. In our experiment also the similar trend of fecundity and population increase was observed. Singh & Chauhan (2015) utilized “E. fetida in the management of different organic wastes (Rb=rice bran, Ws=wheat straw, Bb=barley bran, Gb=gram bran, Bp=banana peel in combination with buffalo dung -BD) and for production of organic fertilizer. The significant high number of cocoon production and hatchlings were observed in combination of BD+Ws+Rb (26.00±1.71 cocoon/worm) and showed maximum growth rate (7.29±0.03 mg /worm/day) of E. fetida.” Our study also showed similar results, which Singh & Chauhan (2015) were observed in their various combinations.
Conclusions
In the present study is important to the scientific community because it addresses a sustainable alternative for managing rice straw, an agricultural vegetation with a significant environmental impact when burned. It provides evidence that the controlled addition of rice straw to cattle manure improved the fecundity of Eisenia fetida and enriched the nutritional profile of vermicompost, reinforcing its potential as a bio-fertilizer. These results are positive for advancing knowledge in vermicomposting and the use of agricultural residues, offering practical solutions to reduce pollution caused by straw burning. Furthermore, the research has direct implications for sustainable agriculture, by proposing management strategies that can be applied on a large scale in rice-producing countries.
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